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(54) Composition comprising membrane virus subviral target and fusion particles and vaccine 
comprising said composition 

(57) Described is a composition of membrane virus 
subviral particles, preferably retrovirus-like, more pref- 
erably HIV-like subpartlcles, comprising (a) an env-de- 
fective : at least one cellular receptor and at least one 
coreceptor containing membrane virus target particle 
encoded by an env-defective membrane virus particle 
encoding vector construct, at least one cellular receptor 
encoding vector(s) and at least one coreceptor encod- 
ing vector(s) and (b) a membrane virus fusion particle 
encoded by an env-defective membrane virus particle 
encoding vector construct and an env-encoding vector, 
wherein said composition of membrane virus subviral 
particles is capable of inter-membrane virus particle 
membrane fusion resulting in the formation of mem- 
brane-virus particles. Also described is a vaccine com- 
prising the composition of the present invention. 
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Description 

[0001] The present invention relates to a composition 
of membrane virus subviral particles, comprising (a) an 
env-defective, at least one cellular receptor and at least 
one coreceptor containing membrane virus target parti- 
cle encoded by an env-defective membrane virus parti- 
cle-encoding vector construct, at least one cellular re- 
ceptor encoding vector(s) and at least one coreceptor 
encoding vector(s) and (b) a membrane virus fusion par- 
ticle encoded by an env-defective membrane virus par- 
ticle-encoding vector construct and an env-encoding 
vector, wherein said composition of membrane virus 
subviral particles is capable of inter-membrane virus 
particle membrane fusion resulting in the formation of 
fused (fusing) membrane virus particles. In a preferred 
embodiment said particles are retrovirus- like, e.g. HIV- 
like, particles. Additionally, the present invention relates 
to a vaccine comprising the composition of the present 
invention. 

[0002] Due to the expanding epidemic of human im- 
munodeficiency virus (HIV) infections, the need for an 
effective HIV vaccine is urgent. However progress to- 
ward this goal is so far rather limited inter alia due to the 
fact that (a) the use of recombinant forms of the surface 
gp120 subunit of the HIV envelope protein does not lead 
to the generation of antibodies which are capable of 
cross-neutralizing the virus and (b) many pathogenic 
membrane viruses, e.g. HIV and hepatitis C virus, un- 
dergo sequence variability. Actually, there has been so 
far no solution to the latter problem. A strategy for the 
use of fixed preparations of cells undergoing membrane 
fusion mediated by the human immunodeficiency virus 
glycoprotein and the cellular receptor complex consist- 
ing of CD4 and CCR5 has been published and tested in 
a mouse model system (1). However, in this situation 
the potential vaccine is not moleculariy defined and the 
relevant immunogen is contaminated with a very large 
excess of undefined cellular materials and, thus, not 
useful for the preparation of vaccine for the application 
to humans. To summarize, the disadvantage (and prob- 
lem) of current candidate vaccines to many pathogenic 
membrane viruses is that they do not provide protection 
to different heterologous strains and/or are not molecu- 
lariy defined. 

[0003] Thus, the technical problem underlying the 
present invention is to provide a moleculariy defined 
vaccine for the prevention of infection by pathogenic 
membrane viruses, particularly pathogenic retroviruses, 
including viruses undergoing sequence variations. 
[0004] The solution to the above technical problem 
has been achieved by providing the embodiments char- 
acterized in the claims. 

[0005] In the present invention two different types of 
moleculariy defined membrane virus subviral particles 
with incorporated viral and cellular receptors of patho- 
genic membrane viruses were fixed in the process of 
inter-particle membrane fusion. It could be shown that 



specific inter-membrane virus particle fusion can occur, 
that fused (fusing) membrane virus particles are infec- 
tious and that these have the host-range of both fusion 
partners. Purified preparations of these fusing particles 
5 can be applied as effective vaccine to induce protective 
immune responses against the respective disease. The 
process of membrane fusion, induced by viral glycopro- 
teins and their specific cellular receptors involves com- 
plex and sequential conformational changes on the viral 

10 glycoprotein. These conformational changes are essen- 
tial for function and are, thus, functionally conserved. 
During this process new conformational epitopes are 
exposed on the viral glycoprotein and an immune re- 
sponse against these will be induced in the vaccinated 

15 organism. The results obtained demonstrate the useful- 
ness of a vaccine strategy employing fixed preparations 
of moleculariy well-defined virus particles in the process 
of membrane fusion, e.g. as regards vaccination against 
HIV fixed preparations of well-defined fusing CD4/core- 

20 ceptor target particles and (Wt)HIV-Env fusion particles. 
Moreover, the response obtained by this strategy of vac- 
cination is protective against different strains of the re- 
spective virus since the exposed conformational 
epitopes are functionally conserved. The strategy 

25 shown for HIV in the Examples below is applicable to 
the glycoproteins of other pathogenic membrane virus- 
es and their cellular receptors (e.g. hepatitis C virus). 
[0006] Thus, in one aspect, the present invention re- 
lates to a composition of membrane virus subviral par- 

30 tides, comprising (a) an env-defective, at least one cel- 
lular receptor and at least one coreceptor containing 
membrane virus target particle encoded by an env-de- 
fective membrane virus particle-encoding vector con- 
struct, at least one cellular receptor encoding vector(s) 

35 and at least one coreceptor encoding vector(s) and (b) 
a membrane virus fusion particle encoded by an env- 
defective membrane virus particle-encoding vector con- 
struct and an env-encoding vector, wherein said com- 
position of membrane virus subviral particles is capable 

*o of inter-membrane virus particle membrane fusion re- 
sulting in the formation of fused (fusing) membrane virus 
particles. These subviral particles are obtainable by 
cotransfection of a mammalian host cell with the vectors 
of (a) and (b), respectively. 

45 [0007] As used herein, theterm "membrane virussub- 
viral particle" relates to a particle encoded by an expres- 
sion vector derived from a membrane virus genome but 
lacking or having mutated one or more genes required 
for infectivity. Examples of pathogenic membrane virus- 

50 es are retroviruses, e.g. HIV and Hepatitis C virus, Yel- 
low fever virus, tick borne encephalitis virus, Rabies vi- 
rus, Ebola virus, Marburg virus, Bornavirus, Influenza 
virus, Herpes virus, Hepatitis B virus etc. The target par- 
ticle can, in principle, be generated by cotransfecting 

55 suitable mammalian host cells, e.g. 293T cells, with an 
Env-defective particle-encoding vector construct, e.g. 
the construct described in Example 1 , below, and ex- 
pression vectors forthe cellular receptor, e.g. as regards 
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HIV CD4, and a coreceptor, e.g. as regards HIV the CC 
chemokine receptor 5 (CCR5) or the CXC chemokine 
receptor 4 (CXCR4). The fusion particle can, in princi- 
ple, be generated by cotransfecting suitable mammalian 
host cells, e.g. 293T cells with an Env-defective particle- 
encoding vector construct e.g. the construct described 
in Example 1 , below, and expression vectors encoding 
the membrane virus Env, e.g. HIV-Env. 
[0008] As used herein, the term "env" denotes viral 
receptor glycoproteins of membrane viruses capable of 
specific interaction with cellular receptor and cellular 
coreceptor. 

[0009] As used herein, the term "env-defective mem- 
brane virus particle-encoding vector construct" relates 
to an expression vector encoding genes required for 
membrane virus particle production and not encoding 
the env gene product. The required genes are those 
needed for the expression of the structural proteins 
which together comprise the membrane virus particle. 
In the case of HIV, this would be the gag gene, which in 
its wild-type form requires the additional presence of the 
rev responsive element (RRE) and coexpression of the 
rev gene. Env-defectiveness can be achieved e.g. by 
the absence of the env gene in the particle-encoding 
vector or by employing particle-encoding vectors in 
which the env gene has been mutated such that no or 
only a non-functional protein fragment is synthesised. 
The env inactivation mutation can be achieved e.g. by 
a deletion or insertion of nucleotides at the beginning of 
the gene leading to a frame-shift in translation. This can 
be done by standard in vitro mutagenesis procedures. 
The Env-defective membrane virus vector construct can 
encode further genes (e.g. in the case of HIV in addition 
to gag and rev, also pol and tat) and can include further 
cis-elements (e.g. in the case of HIV LTR etc). These 
would be relevant for testing the extent of particle fusion 
in infectivity/transduction assays. Vectors which in the 
case of HIV lead to "env-defective membrane virus vec- 
tor particles" are e.g. described below in the Examples, 
or are pKExHIVAenv3 (11; Wilk et al; Virology 218 
(1996), 269-274), pK-R-gpll and pK-R-gplla (Mergener 
et at; Virology 186, (1992) 25-29). 
[0010] As used herein, the term "cellular receptor" re- 
lates to any form of the receptor which can be incorpo- 
rated into the membrane virus particles and which is ca- 
pable of binding the membrane virus envelope and fa- 
cilitating the subsequent interaction with one or more of 
coreceptor molecules. As used herein, the term "core- 
ceptor" relates to any form of the coreceptor which can 
be incorporated into the membrane virus particles and 
which is capable of interacting with the membrane virus 
envelope. The above terms comprise native receptors/ 
coreceptors as well as variants containing mutations or 
deletions which do not substantially affect the biological 
activity thereof . Such mutations include substitutions of 
one or more amino acids, particularly by homologues 
thereof, as well as additions of one or more amino acids, 
especially at the N or C termini. Deletions include dele- 



tions from the N or C termini. Substitutions by both nat- 
urally-occurring and synthetic amino acids are possible. 
Also included in this definition are receptor/co receptor 
variants modified by chemical modification or enzymatic 
5 modification. Further, fragments of the receptors/core- 
ceptors are included within the definition of the term "cel- 
lular receptor" or "coreceptor" as long as they are func- 
tional. For the manipulation in prokaryotic cells by 
means of genetic engineering the DNA sequences de- 
10 scribed above or parts of these sequences can be intro- 
duced into plasmids allowing a mutagenesis or a mod- 
ification of a sequence by recombination of DNA se- 
quences. By means of conventional methods (cf. Sam- 
brook et al., 1989, Molecular Cloning: A Laboratory 
15 Manual, 2 nd edition, Cold Spring Harbor Laboratory 
Press, NY, USA) bases can be exchanged and natural 
or synthetic sequences can be added. In order to link 
the DNA fragments with each other adapters or linkers 
can be added to the fragments. Furthermore, manipu- 
20 lations can be performed that provide suitable cleavage 
sites or that remove superfluous DNA or cleavage sites. 
If insertions, deletions or substitutions are possible, in 
vitro mutagenesis, primer repair, restriction or ligation 
can be performed. As analysis method usually se- 
25 quence analysis, restriction analysis and other bio- 
chemical or molecular biological methods are used. 
[0011] Examples of cellular receptors are those for 
retroviruses ! e.g. CD4 (for HIV), Tva (for Rous sarcoma 
virus, subgroup A), MCAT-1 (for ecotropic murine leuke- 
30 mia virus) and several others (summarised in Virology, 
Chapter 58, eds. Fields, Knipe, Howley, Lippencott 
Raven Publishers, (1996)). Further examples of cellular 
receptors are sialic acid containing glycoproteins or gly- 
colipids for Influenza virus and CD81 for Hepatitis C vi- 
35 rus (Pileri et al., Science 282, (1998), 938-941). Addi- 
tionally, examples of coreceptors are CCR5, CXCR4, 
CCR-2B, CCR-3, CCR-8, CCR-9, CXCR-1 and CX3CR- 
1 (all for HIV) (Berger et al., Ann. Rev. Immunol. 17, 
(1 999), 657-700). 
40 [0012] As used herein, the term "mammalian host 
cell" comprises any mammalian host cell which can be 
transfected with the vectors of the invention, allows 
gene expression and particle formation. Useful mam- 
malian host cells are well known to the person skilled in 
45 the art and comprise cells such as CHO, COS, 293T, 
293, HeLa, BJAB, HaCAT and Bowes melanoma cells. 
[0013] The construction of the vectors needed for ob- 
taining the composition of the present invention, i.e. the 
env-defective membrane virus particle-encoding vector 
50 construct of (a), the cellular receptor(s) encoding vector 
(s).thecoreceptor(s) encodingvector(s),the env-defec- 
tive membrane virus particle-encoding vector construct 
of (b) and the env-encoding vector can be carried out 
according to conventional methods (cf . Sambrook et al., 
55 1 989, Molecular Cloning: A Laboratory Manual, 2 nd edi- 
tion, Cold Spring Harbor Laboratory Press, NY, USA). 
Suitable vectors allowing amplification in prokarytic and 
eukaryotic expression systems including the mammali- 
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an host cells described above are, e.g those described 
below in the Examples, or are pKEx2XR and pKEx2XL 
(Rittner et al. , Methods in Molecular and Cellular Biology 
2, (1991), 176-181). These vectors will preferably in- 
clude at least one selectable marker. Such markers in- 
clude dihydrofolate reductase, G41 8 or neomycin resist- 
ance for eukaryotic cell culture and tetracycline, kan- 
amycin or ampicillin resistance genes for culturing in E. 
coli and other bacteria. Representative examples of ap- 
propriate hosts include, but are not limited to, bacterial 
cells, such as E. coli, Streptomyces and Salmonella ty- 
phimurium cells; fungal ceils, such as yeast cells; insect 
cells such as Drosophila S2 and Spodoptera Sf9 cells; 
animal; and plant cells. The DNA sequences inserted 
into said vectors and encoding the various proteins of 
the membrane virus subviral particles, receptors and 
coreceptors can be obtained from known sources. For 
instance, the HIV sequences and the sequences for 
CD4 and coreceptors are obtainable through the AIDS 
Research and Reference Reagent Program. NIH, Nl- 
AID. The required sequences are those genes usable 
for particle formation as described above, as well as 
those genes encoding functional forms of the respective 
viral glycoprotein, in the first instance HIV glycoprotein 
of different subgroups and sequences, and the genes 
encoding the appropriate functional cellular receptor 
and coreceptor molecules. The DNA sequences encod- 
ing the membrane virus or cellular proteins may be am- 
plified by PCR amplification using suitably designed 
primers. The composition of the present invention is also 
obtainable using vector constructs wherein two or more 
of the inserted DNA sequences discussed above are not 
contained in separate vectors but instead in a single 
vector as long as the composition is effective as a vac- 
cine, e.g. the DNA sequences encoding the cellular re- 
ceptor or the coreceptor can be inserted into the same 
vector. 

[0014] The DNA sequences encoding the above pro- 
teins may be driven off any appropriate promoter, such 
as the phage lambda PL promoter, the E. coli lac, tip, 
phoA and tac promoters, the SV40 early and late pro- 
moters and promoters of membrane virus, e.g. retroviral 
LTRs, to name a few. Other suitable promoters will be 
known to the skilled artisan. The expression constructs 
will further contain sites for transcription initiation, termi- 
nation, and, if necessary in the transcribed region, a ri- 
bosome binding site for translation. The coding portion 
of the transcripts expressed by the constructs will pref- 
erably include a translation initiating codon at the begin- 
ning and a termination codon (UAA, UGA or UAG) ap- 
propriately positioned at the end of the polypeptide to 
be translated. 

[001 5] Introduction of the above described vectors in- 
to the host cell can be effected by well known methods, 
e.g. calcium phosphate transfection, DEAE-dextran me- 
diated transfection, cationic iipid-mediated transfection, 
electroporation, transduction, infection, or other meth- 
ods. Such methods are described in many standard lab- 



oratory manuals. 

[0016] In a preferred embodiment, the membrane vi- 
rus subviral particles of the composition of the present 
invention are retrovirus-like subviral particles, more 

5 preferably HIV-like subvirus particles in which the cellu- 
lar receptor is CD4 and the coreceptor CXCR4. 
[0017] In a further preferred embodiment of the com- 
position of the present invention CD4 is GPI-anchored 
CD4. GPI-anchor is a modification of the C-terminus of 

10 CD4 in which a phosphatidyl inositol moiety is linked 
through glucosamine and mannose to a phosphoryl eth- 
anolamine residue that is linked to the C-terminal amino 
acid of CD4 by its amino group. Such a GPI-anchor can 
be found on the CD55 molecule and transferred to CD4 

15 by standard fusion mutagenesis procedures (Ho et al., 
Gene 77, (1 989), 51 -59; Horton et al., Gene 77, (1 989), 
61-68). 

[0018] In a more preferred embodiment of the com- 
position of the present invention the env-encoding vec- 

20 tor for the membrane virus fusion particle of (b) contains 
a frame-shift mutation in the 5'-region of the env-gene 
and a deletion in the packaging signal. Reference is 
made to the above explanations on page 3, para. 3. 
[001 9] In a further preferred embodiment of the com- 

25 position of HIV-like subviral particles the gene encoding 
nef (factor negatively controlling HIV replication in vitro 
and an vivo and downregulating CD4) in the env-defec- 
tive membrane virus particle-encoding vector construct 
for the target particle of (a) is inactivated, preferably by 

30 deletion or by replacement by another gene, e.g. a gene 
the expression of which allows to monitor the infectivity 
of the fused (fusing) particles in the host cell, e.g. the 
luciferase encoding gene described in the Examples, 
below, the green fluorescence protein (GFP) encoding 

35 gene or the p-galactosidase encoding gene. 

[0020] The present invention also relates to a method 
of producing a membrane virus target particle or a mem- 
brane virus fusion particle, comprising (a) cotransfecting 
a mammalian host cell with the vectors as desribed 

40 above for the target particle or fusion particle and culti- 
vating the host cells under conditions such that the pro- 
teins encoded by said vectors are expressed and (b) re- 
covering the membrane virus target particle or mem- 
brane virus fusion particle from the culture supernatant. 

45 The cotransfection and cultivation of the host cells can 
be carried out according to standard procedures. Appro- 
priate culture mediums and conditions for the above-de- 
scribed host cells are known in the art. The subparticles 
can be recovered (and purified from) recombinant cell 

so cultures by well-known methods including uftra-centrif- 
ugation, ammonium sulfate or et ha no I precipitation, acid 
extraction, anion or cation exchange chromatography, 
phosphocellulose chromatography, hydrophobic inter- 
action chromatography, affinity chromatography, hy- 

55 droxylapatite chromatography and lectin chromatogra- 
phy. This method will allow the production of sufficient 
amounts of the desired subparticles for use in medical 
treatments. 
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[0021] Finally, the present invention also relates to a 
vaccine against membrane virus infections, preferably 
a retroviral infection, more preferably an HIV infection, 
comprising a therapeutically effective amount of the 
composition of the invention described above and the 
use of the composition of the present invention for the 
preparation of a prophylactical or therapeutical vaccine, 
respectively. For the preparation of the vaccine the pu- 
rified particles may be combined with any suitable adju- 
vant such as ISCOMS, alum, Freunds Incomplete or 
Complete Adjuvant, Quil A and other saponins or any 
other adjuvant as described in the literature. Preferably, 
before use as a vaccine the membrane virus target par- 
ticles and membrane virus fusion particles are fixed. Fix- 
ation can be carried out as described by LaCasse et al 
(1) i.e. with formaldehyde. For a vaccine, target and fu- 
sion particles separately produced in different cells can 
be mixed at appropriate ratio, e.g. (1 incubated for a 
suitable time, e.g. 90 min at 37°C, purified e.g. by ultra- 
centrifugation and fixed e.g. with formaldehyde. 

Brief description of the Figures 

Figure 1 . Strategies to analyse inter-membrane virus 
particle fusion and the infectivities of fused (fusing) viral 
structures. 

[0022] 

A. Target particles (left), generated as described in 
Example 1 , carry a genome encoding a marker lu- 
ciferase gene (Luc) and have incorporated CD4 and 
CXCR4, respectively. Fusion particles (middle) lack 
marker gene and have incorporated HIV-Env. Tar- 
get particles, fusion particles or mixtures of target 
particles and fusion particles were analysed as to 
their ability to transmit luciferase (luc) activity to in- 
dicator CD4/CXCR4-expressing 293T cells. 

B. As in A. but fusion particles have incorporated 
VSV-G in addition to HIV-Env. The indicator cells 
are 293T cells, not expressing CD4/CXCR4. 

Figure 2. Luciferase gene transduction after inter-viral 
particle fusion mediated by CD4/CXCR4 and HIV-Env. 

[0023] 

A. HIV-Env mediated gene transduction. The glyc- 
oprotein compositions of the respective target par- 
ticles and fusion particles, which were premixed pri- 
or to application to CD4/CXCR4 expressing 293T 
cells, and the resulting luciferase activities (total ac- 
tivities per culture given on the Y-axis) in lysates of 
transduced cells are given for a representive exper- 
iment (from 3 independant experiments). The num- 
bers above each block give the percentage luci- 
ferase activity in comparison to that generated by a 
mixture of CD4/CXCR4-target particles and Wt- 



Env-fusion particles. 

B. VSV-G mediated gene transduction. The glyco- 
protein compositions of the respective target parti- 
cles and fusion particles, which were premixed prior 

5 to application to 293T cells (not expressing 
CD4/CXCR4) and the resulting luciferase activities 
(total activities per culture given on the Y-axis) in 
lysates of transduced 293T cells are given for a rep- 
resentative experiment. G denotes VSV-G glyco- 

10 protein. The numbers above each block give the 
percentage luciferase activity in comparison to that 
generated by a mixture of CD4/CXCR4 target par- 
ticles and Wt-Env/G-fusion particles. 

C. Inhibition of transduction by monoclonal antibody 
is against CD4. Mixtures of CD4/CXCR4 target parti- 
cles and Wt-Env/G-fusion particles were either un- 
treated (no inhibitor), preincubated with irrelevant 
antibody (EGFR) or with antibody against CD4 
(SIM-2 +■ SIM-4). The numbers above each block 

20 give the percentage luciferase activity in compari- 
son to that of the untreated sample. 

Figure 3. Targeting of viral genome to cells lacking 
cellular receptor as a result of specific inter-viral fusion. 

25 

[0024] The hypothetical producer cell, A, for virus X 
(left) carries cellular receptors for virus X and Y (X R and 
Y R , respectively) but (in order to distinguish this phe- 
nomenon from pseudotyping) is unable to replicate virus 
30 y. Released virus X, with incorporated Y R , can fuse with 
virus Y, produced elsewhere in the infected organism. 
The resultant fused viral structure is able to transfer the 
genome of virus Y, via viral receptor X, to a novel target 
cell (right) lacking Y R but carrying X R . 

35 

Example 1 : Genera! procedures 

(A) Constructs employed 

40 [0025] PNL4-3.Luc.R-E-, an env-defective HIV-1 par- 
ticle-encoding construct, encoding luciferase instead of 
nef (2); (Chen et al., J. Virol. 68, (1994), 654-660), was 
used to generate target particles. PSG5-CD4-Gpl was 
a kind gift from Marc Alizon, INSERM, Paris. It encodes 

45 GPI-anchored human CD4 (referred herein as CD4) 
with the extracellular domain of CD4 and the C-terminal 
region of CD55 (method for generation: Ho et aL, Gene 
77, (1989), 51-59; Horton et al., Gene 77, (1989), 
61-68). It was employed since this construct (plus 

so CXCR4) results in 2-3 times better infection of HIV-Env 
expressing cells than Wt-CD4 (data not shown). Expres- 
sion of CXCR4 was achieved employing pc.Fusin (9) 
(for target particles) or pBABE.Fusin (9) (to generate 
CD4/CXCR4 expressing 293T cells, see below), pc. 

55 Fusin and pBABE.Fusin were obtained from the AIDS 
Research and Reference Reagent Program. NIH, Nl- 
AID. pc is pcDN A/amp (expression vector from InVitro- 
gen) and pBABE-puro is described in Morgenstern and 
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Land, Nucl. Acids Res. 18; 3587-3596 (1990). The par- 
ticle-encoding construct, pNL4-3A4 / AEnv3, based on 
pNL4-3 (10), contains a frame-shift mutation at the be- 
ginning of the env gene (1 1 ) and a deletion in the pack- 
aging signal (12). It was employed to generate fusion 
particles. PLBAcenv/neo (referred to here as pl-HIV- 
Env) encodes Wt-HIV-Env (13). The derivatives referred 
to here as HIV-Env Fus - and HIV-Env Bind * carry mutations 
within the fusion peptide (gp41 .2) (1 4) and CD4 binding 
site (15), respectively. PEx-VSV-G encodes the vesicu- 
lar stomatitis virus (VSV) G glycoprotein, (gene se- 
quence: Rose and Bergmann, Cell 34, (1983), 
513-524). 

(B) Generation of target and fusion particles 

[0026J PNL4-3.Luc.R-E-, plus PSG5-CD4-Gpl and 
pc.Fusin singly and in combination (to generate target 
particles) or pNL4-3A4 / Env3 plus Wt or mutated ver- 
sions of pHIV-Env in the presence or absence of pEx- 
VSV-G (to generate fusion particles) were cotransfected 
into 293T cells using standard calcium phosphate pro- 
cedures. 48 hours post-transfection, the amounts of re- 
leased particles were quantitated by ELISA for HIV- 
1-CA (Innogenetics, Belgium. Expression of CD4, 
CXCR4 (employing CXCR4 monoclonal antibody 
(12G5) (16), HIV-Env and VSV-G (antiserum from Lee 
Biomolecular, San Diego, were confirmed by indirect im- 
munofluorescence analyses employing respective spe- 
cific antisera as previously described (4, 13)(data not 
shown). 

(C) Particle fusion 

[0027] Appropriate volumes of culture supernatants, 
filtered through a 0.45 u,m filter, and representing equal 
amounts of different target particles on the one hand, 
and equal amounts of different fusion particles on the 
other hand, were adjusted to 8 uJvl polybrene , mixed (at 
a ratio of 1: 1) in a final volume of 2 ml and incubated 
for 90 min at 37°C, 5%C0 2 , before application to sub- 
confluent cultures of fresh indicator cells (either 293T 
cells or CD4/CXCR4 expressing 293T cells) in a 12well 
(4.9 cm 2 ) multi-dish. CD4/CXCR4 expressing 293T in- 
dicator cells were generated by stable expression of 
CD4 (from plGRE-CD4 (4)). plus CXCR4 (from pBABE. 
f usin (9)) in 293T cells. 72h later, cell lysates were pre- 
pared and total luciferase activities per culture meas- 
ured using standard procedures. 

(D) Inhibition of particle fusion 

[0028] Culture supernatants from SIM-2 plus SIM-4 
(1 :1) hybridoma cells (17), releasing antibodies reacting 
with CD4 and able to inhibit infection by pNL4-3 HIV, or 
from H-EGFR-RI hybridoma cells (18), releasing anti- 
bodies against human epidermal growth factor receptor 
(EGFR) which are thus irrelevant in this context, were 



added to the mixtures of target particles and fusion par- 
ticles during the incubation period before application to 
indicator cells. The final concentration of mouse anti- 
body was approx. 1 u.g/ml. 

5 

Example 2: Membrane fusion between HIV-like 
particles 

[0029] The first strategy which was employed to ana- 

10 lyse membrane fusion between HIV-like particles is il- 
lustrated in Fig. IA. Particles, with incorporated CD4 and 
CXCR4 and carrying a luciferase reporter gene, are re- 
ferred to as CD4/CXCR4 target particles. Particles with 
incorporated Wt-HIV-Env, but lacking transducible vec- 

15 tor, are referred to as Wt-Env-fusion particles. It was hy- 
pothesised that if membrane fusion between target and 
fusion particles would occur, the resultant fused (fusing) 
viral structures could be infectious for and be able to 
transduce the luciferase gene to CD4/CXCR4 express- 

20 ing 293T cells. Target particles were generated by 
cotransfecting 293T cells with an Env-defective proviral 
construct, pNL4-3.Luc.R-E- (2) encoding the luciferase 
gene instead of nef, plus expression vectors for CD4 
and CXCR4, either alone or in combination. It has pre- 

25 viously been shown (3) that CD4 and CXCR4 can be 
incorporated into HIV particles and mediate infectivity 
into HIV-1 infected cells (3) and it was confirmed that 
the CD4/CXCR4 target particles were infectious for, and 
efficiently transmitted luciferase activity into HIV-Env ex- 

so pressing BJAB-Envi-cells (4) (data not shown). In the 
strategy shown in Fig. 1 A, Wt-Env fusion particles or 
mutants thereof were generated by coexpressing an 
Env-defective particle-encoding plasmid with a deletion 
in the packaging signal, with Wt or mutant HIV-Env, re- 

35 spectivefy. Appropriate volumes of culture superna- 
tants, representing equal amounts of target particles on 
the one hand and equal amounts of fusion particles on 
the other hand, were mixed (at a ratio of 1 : 1 ) and pre- 
incubated for 90 min. at 37°C to allow potential fusion 

40 to occur (see Example 1). Mixed supernatants were 
subsequently applied to CD4/CXCR4 expressing 293T 
cells and 3 days post-transduction, the luciferase activ- 
ities in cell lysates were determined. As shown in Fig. 
2A, CD4/CXCR4 target particles alone resulted in only 

45 very low levels of luciferase activity after transfer to 
CD4/CXCR4 expressing 293T cells. However, when 
these CD4/CXCR4 target particles were mixed with cul- 
ture supernatants containing Wt-Env fusion particles, 
the resultant mixture led to a 30-50 fold increase in 

50 transduction of CD4/CXCR4 expressing 293T cells. The 
luciferase values obtained were, in fact, about 2% of 
those obtained when Wt-HIV-Env itself, instead of 
CD4/CXCR4, was directly incorporated into target par- 
ticles (not shown). This value of 2% is relatively high. 

55 This is because, on the one hand, the particle concen- 
tration in the culture supernatants is in the range of only 
1 - 5 u,g/ml making it unlikely that every target particle 
can fuse with a fusion particle. Additionally, it is unlikely 
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that fused viral structures are as infectious as genuine 
viral particles. Several controls were performed in order 
to confirm that the observed transduction was due to a 
fusion event (and not just a binding event) requiring all 
components namely CD4, CXCR4 and Wt-HIV-Env in a 5 
functional form. On the one hand, CD4 target particles 
or CXCR4 target particles, with incorporated CD4 or 
CXCR4 alone, respectively, were mixed with Wt-Env fu- 
sion particles. On the other hand, Enf Fus Musion parti- 
cles, with incorporated non-fusogenic HIV-Env with a 
mutation in the gp41 fusion peptide, were mixed with 
CD4/CXCR4 target particles. All these mixtures gave 
only background levels of transduction. These results 
clearly indicate that specific CD4/CXCR4/HIV-Env-de- 
pendant inter- membrane virus fusion can occur and that 
the resultant fused particles are infectious. 

Example 3: Enhanced infectivity by using fusion 
particles having incorporated the VSV-G 
glycoprotein 

[0030] When initially the experimental strategy illus- 
trated in Fig. 1 A was developed, the possibility was con- 
sidered that the potential infection by fused (fusing) par- 
ticles could be an inefficient process, and thus difficult 
to measure, since a fraction of the HIV-Env would al- 
ready have engaged in membrane fusion with the target 
particles and, thus, would no longer be available to me- 
diate infection of cells. Although, as shown in Fig. 2A, 
this consideration was unwarrented, concomitantly the 
alternative strategy illustrated in Fig. IB was developed 
which would allow to circumvent this potential problem. 
In this strategy, in addition to HIV-Env, the fusion parti- 
cles (now referred to as Wt-Env/G fusion particles) have 
incorporated VSV-G glycoprotein, which is a potent me- 
diator of membrane virus vector transduction (5, 6). In 
this situation, after potential fusion between target par- 
ticles and fusion particles, which should still be mediated 
by CD4/CXCR4 and HIV-Env, the infection of 293T cells 
(lacking CD4/CXCR4) and transduction of the luciferase 
gene by the fused (fusing) particles should be mediated 
by VSV-G. As shown in Fig. 2B, this is in fact the case 
and mixtures of CD4/CXCR4 target particles and Wt- 
Env/G fusion particles resulted in high luciferase activity 
in transduced 293T cell lysates. The VSV-G mediated 
luciferase activities were in fact 20-50 times higher than 
those obtained with HIV-Env (Fig. 2A), consistant with 
the superior ability of VSV-G to mediate membrane virus 
transduction as described by others (5, 6). It was initially 
a surprising observation that mixtures of Wt-Env/G fu- 
sion particles, or fusion Env^VG particles, having in- 
corporated HIV-Env mutated within the gp41 fusion pep- 
tide, plus CD4-target particles having incorporated CD4 
alone, still led to significant transduction of luciferase 
(Fig. 2B). The values obtained in several different ex- 
periments were in the range of 20-50% of the values 
obtained with CD4/CXCR4 target particles plus Wt-Env/ 
G fusion particles. In fact, all further mixtures of target 



particles and fusion particles (CXCR4 target 'particles 
with CXCR4 alone, Env B,nd 7G-fusion particles with de^ 
fective HIV-Env mutated at the CD4 binding site (Fig. 
2B), or VSV-G alone infusion particles (not shown) also 
resulted in luciferase transduction as long as the fusion 
particles contained VSV-G glycoprotein. In these latter 
cases, the luciferase values obtained were in the range 
of 2-1 0% of the values obtained with CD4/CXCR4 target 
particles plus Wt-Env/G-fusion particies (Fig. 2B). On 
the other hand, when VSV-G was absent from fusion 
particles, and these were mixed with CD4/CXCR4 target 
particles, only background levels of luciferase transduc- 
tion into 293T cells were observed. These positive but 
clearly reduced luciferase transduction values, in the 
absence of CD4/CXCR4/HIV-Env-mediated fusion, but 
in the presence of VSV-G, are assumed to be the result 
of particle fusion mediated by VSV-G on fusion particles 
and VSV-G cellular receptor which has been incorporat- 
ed into target particles. This would be despite the fact 
that VSV-G normally requires low pH-value in the cellu- 
lar endosome, after receptor-mediated uptake, to trigger 
membrane fusion. The VSV-G cellular receptor has 
been shown to include phospholipid components (7,8) 
which would also be incorporated into virus-like parti- 
cles. In those situations in which CD4 and HIV-Env can 
bind to each other but not fuse (CD4-target particles, 
Env Fus_ G-fusion particles), the luciferase transduction 
values of mixed particles is significantly higher (20-50% 
of the values obtained with CD4/CXCR4-target plus Wt- 
Env/G-fusion particles) than in the absence of CD4/H1V- 
Env binding (2-10%). This is presumably due to the 
binding between CD4 and HIV-Env leading to a closer 
proximity between target particles and fusion particles 
and allowing more efficient membrane fusion mediated 
by VSV-G and its cellular receptor. Lastly, as a further 
proof of the role of CD4 in mediating binding and fusion 
between particles, the presence of CD4 monoclonal an- 
tibody during the incubation between CD4/CXCR4 tar- 
get particles and Wt-Env/G-fusion particles very signif- 
icantly inhibited luciferase transduction (Fig. 2C). 
[0031 ] Conclusions: The results of these experiments 
confirm, on the one hand, the results obtained using the 
first strategy (Fig. 1A, 2A), namely that specific 
CD4/CXCR4/HIV-Env-dependant inter-membrane vi- 
rus fusion can occur and that the resultant fused (fusing) 
particles are infectious. The results, however, further in- 
dicate that, even in the absence of overexpression, cel- 
lular receptors for membrane viruses (VSV as an exam- 
ple) can be incorporated into foreign virus particles in 
amounts sufficient to mediate inter-particle fusion with 
virus particles carrying the respective viral receptor. 
Thus, depending on the nature of the membrane virus, 
the tissue distribution of its cellular receptor and the 
availability of this molecule for incorporation into parti- 
cles, interviral membrane fusion may be a previously un- 
recognized in vivo process (not achievable by simple 
pseudotyping) by which the genomes of membrane vi- 
ruses can target cells lacking an appropriate cellular re- 



15 



20 



25 



30 



35 



40 



45 



50 



7 



BNSDOCID: <EP 1130089A1 I > 



13 



EP 1 130 089 A1 



14 



ceptor. A theoretical scenario describing such a situa- 
tion is shown in Fig. 3. In this situation, membrane virus 
X, released from cells carrying a cellular receptor for 
both virus X and Y (but intracellular^ blocked for repli- 
cation of virus Y) would incorporate the cellular receptor 
for virus Y (Y R ) and thus fuse with virus Y itself (pro- 
duced in permissive cells). The resulting fused (fusing) 
viral structures would then be able to transfer the ge- 
nome of virus Y to further cells lacking Y R but carrying 
the cellular receptor for virus X (X R ). Depending on the 
viruses and target cells involved, this could have far- 
reaching consequences for the infected organism, e. g. 
stable production of virus Y within the mammalian from 
a hithertoo unrecognized cell reservoir. 
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Claims 

1 . A composition of membrane virus subviral particles, 
comprising 

(a) an env-defective, at least one cellular recep- 
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tor and at least one coreceptor containing 
membrane virus target particle encoded by an 
env-detective membrane virus particle-encod- 
ing vector construct, at least one cellular recep- 
tor encoding vector(s) and at least one core- 
ceptor encoding vector(s); and 
(b) a membrane virus fusion particle encoded 
by an env-defective membrane virus particle- 
encoding vector construct and an env-encod- 
ing vector, 

wherein said composition of membrane virus sub- 
viral particles is capable of inter-membrane virus 
particle membrane fusion resulting in the formation 
of fusing membrane virus particles. 

2. The composition of claim 1 , wherein the inter-mem- 
brane virus particle membrane fusion results in 
fused membrane virus particles. 

3. The composition of claim 1 or 2, wherein the mem- 
brane virus subviral particles are retrovirus- like par- 
ticles. 

4. The composition of claim 3, wherein the retrovirus- 
like particles are HIV-like particles. 

5. The composition of claim 4, wherein the HIV-like 
particles contain CD4 as cellular receptor. 

6. The composition of claim 4 or 5, wherein the HIV- 
like particles contain CXCR4 as coreceptor. 

7. The composition of any one of claims 4 to 6, wherein 
the env-encoding vector for the membrane virus fu- 
sion particle of (b) encodes the viral receptor glyc- 
oprotein of HIV-1. 

8. The composition of any one of claims 4 to 7, wherein 
in the env-defective membrane virus particle en- 
coding vector construct for the target particle of (a) 
the gene encoding nef is inactivated. 

9. A method of producing a membrane virus target 
particle or a membrane virus fusion particle, com- 
prising 

(a) cotransfecting a mammalian host cell with 
the vectors as defined in any one of claims 1 (a) 
or 1 (b) to 8 under conditions such that the pro- 
teins encoded by said vectors are expressed; 
and 

(b) recovering the membrane virus target par- 
ticle or membrane virus fusion particle from the 
culture supernatant. 

10. A vaccine comprising a therapeutically effective 
amount of the composition of any one of claims 1 



to 8 or the composition produced according to the 
method of claim 9. 

* 

11. Use of the composition of any one of claims 1 to 8 
5 orthe composition produced according to the meth- 

od of claim 9 for the preparation of a prophylactical 
or therapeutical vaccine. 
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